Background: Effective malaria case-management based on artemisinin-based combination therapy (ACT) and parasitological diagnosis is a major pillar within the 2007-2012 National Malaria Strategic Plan in the Sudan. Three years after the launch of the strategy a health facility survey was undertaken to evaluate case-management practices and readiness of the health facilities and health workers to implement a new malaria case-management strategy. Methods: A cross-sectional, cluster sample survey was undertaken at public health facilities in 15 states of Sudan. Data were collected using quality-of-care assessment methods. The main outcomes were the proportions of facilities with ACTs and malaria diagnostics; proportions of health workers exposed to malaria related health systems support activities; and composite and individual indicators of case-management practices for febrile outpatients stratified by age, availability of ACTs and diagnostics, use of malaria diagnostics, and test result. Results: We evaluated 244 facilities, 294 health workers and 1,643 consultations for febrile outpatients (425 < 5 years and 1,218 ≥ 5 years). Health facility and health worker readiness was variable: chloroquine was available at only 5% of facilities, 73% stocked recommended artesunate and sulfadoxine/pyrimethamine (AS+SP), 51% had the capacity to perform parasitological diagnosis, 53% of health workers had received in-service training on ACTs, 24% were trained in the use of malaria Rapid Diagnostic Tests, and 19% had received a supervisory visit including malaria case-management. At all health facilities 46% of febrile patients were parasitologically tested and 35% of patients were both, tested and treated according to test result. At facilities where AS+SP and malaria diagnostics were available 66% of febrile patients were tested and 51% were both, tested and treated according to test result. Among test positive patients 64% were treated with AS+SP but 24% were treated with artemether monotherapy. Among test negative patients only 17% of patients were treated for malaria. The majority of ACT dispensing and counseling practices were suboptimal.
Background
Effective case-management based on parasitological diagnosis and artemisinin-based combination therapy (ACT) is one of the key strategies for the reduction of the Plasmodium falciparum malaria burden across the African continent [1] . By 2009, all 42 African malaria endemic countries had changed their policies to support ACT use for uncomplicated malaria. Furthermore, 20 countries had adopted policies promoting all-age group parasitological diagnosis using malaria microscopy and rapid diagnostic tests (RDTs) [2] . Policies in other African countries are under the revision to support parasitological diagnosis.
However, the implementation of effective case-management based on malaria diagnostics and ACTs may face a number of challenges, of which availability of commodities at health facilities and sub-optimal case-management practices are of particular concern. At facilities across Africa it has been shown that ACTs and malaria diagnostics are frequently out of stock [3, 4] , where diagnostics exist, febrile patients are rarely tested [5] [6] [7] [8] [9] and if tested, negative results still result in the prescription of antimalarials [5, 6, [9] [10] [11] [12] [13] [14] . Furthermore, the use of non-recommended antimalarials is often reported [8, [15] [16] [17] [18] and the performance of patients' counseling and drug dispensing tasks is rarely optimal [15, [17] [18] [19] . Failure to ensure the delivery of basic commodities and minimum standards of case-management based on testing and adherence to test results severely compromises the cost-benefit of new malaria case-management strategies [20] .
In 2004 Sudan was among the first countries in Africa to change first and second line treatment policy for uncomplicated malaria from ineffective monotherapies to ACTs [21] [22] [23] . The first line policy was changed from chloroquine to a combination of artesunate and sulfadoxine/pyrimethamine (AS+SP) and the second line policy was changed from SP to artemether-lumefantrine (AL). For severe malaria parenteral quinine remained the treatment of choice and intramuscular artemether was recommended as second line therapy [24] . Following change of the policy, SP monotherapy was only reserved for intermittent preventive treatment in pregnant women in selected high risk areas.
In 2006, the Sudanese National Malaria Control Programme (NMCP) launched the new 2007-2012 National Malaria Strategy which reconfirmed ACT treatment policy and provided strategic directions to ensure universal access to ACTs and malaria confirmatory diagnosis primarily through microscopy, or RDTs wherever malaria microscopy is not possible [25] . Between 2005 and 2009 the Federal NMCP supported the implementation of the new treatment policy across the 15 states of Sudan. The key implementation activities of relevance for ACT based case-management at the facility level included procurement and distribution of co-packaged AS+SP in paediatric (50 mg AS+500/25 mg SP) and adult (100 mg AS+500/25 SP) formulations, procurement and distribution of co-formulated AL in four weight-specific packages, development and dissemination of treatment protocols and job aids for health workers, orientation sessions and in-service case-management trainings for all cadres of health workers and strengthening of diagnostic capacities for the parasitological diagnosis of malaria. With respect to malaria diagnostics it should be acknowledged that despite the fact that confirmatory diagnosis is one of the key strategic case-management orientations of the Sudanese 2007-2012 National Malaria Strategy [25] , by the time of this study malaria diagnostic capacities in the country relied mainly on the presence of malaria microscopy while only limited quantities of RDTs were delivered to lower level facilities without microscopy support.
In this report we present data on the availability of casemanagement commodities, coverage with malaria related health systems support activities and the malaria casemanagement practices across the Sudan 5 years after the policy change and 3 years after the launch of the national malaria strategy.
Methods

Survey design
The survey design was a cross-sectional, cluster sample, health facility survey undertaken in government and nongovernment public health facilities in 15 states of Sudan. Private health facilities were not included in the survey because they are not supplied with ACTs and malaria diagnostics by the Federal Ministry of Health. The survey was undertaken between 9 th and 31 st December 2009. The sample size was calculated at patient level assuming 50% prevalence of the primary case-management indicator, 95% confidence level, desired precision of +/-7%, design effect of 2 and the likelihood that 50% of health facilities would not have either malaria diagnostics or ACTs in stock. Based on these parameters, an estimated sample size was 728 outpatient consultations in each age group (below and above 5 years of age) or estimating that on average 3 febrile patients can be recruited in each age group at each facility over one survey day, then the required number of surveyed facilities was 243 (728/3).
From the universe of 5,716 public health facilities in Sudan a stratified random sample taking into consideration within-country distribution of facilities by state (15 strata) and type of facilities within a state (3 strata) was drawn to ensure national representativeness. For each of 45 strata we calculated a sampling fraction within the universe of 5,716 facilities, proportional and effective sample size within the required sample of 243 facilities, and finally undertook simple random sampling for each stratum. The final effective sample size contained one additional facility because of rounding off to the proportional sample size. A cluster was defined as all outpatients' encounters between a health worker and patients occurring on a single survey day.
Data collection
Data were collected by 72 field workers trained during 5 days until agreement of practice results between field workers and trainers was greater than 90%. In total, 36 teams were created, each composed of two field workers. The field work was supervised by 15 state coordinators who were also trainers of field workers. Three methods were used to collect data during a survey day at health facility. First, all patients presenting to the outpatient departments underwent rapid screening when they were ready to leave the facility. After obtaining written informed consent non-referred and non-pregnant patients aged 2 months and older, weighing 5 kg and above and presenting for an initial outpatient visit with fever were interviewed. Detailed information about patients' age, weight, temperature, prior use of antimalarial drugs, routine malaria diagnostics performed and results reported, medications prescribed and the key counseling and drug dispensing tasks performed during the facility visit was collected during the interviews and from the patient-held cards. Second, each health facility was assessed to determine availability of basic infrastructure, equipment, job aids, antimalarial drugs, malaria RDTs and functional malaria microscopy service. Finally, all health workers who attended to recruited patients on the survey day were interviewed at the end of the survey day to determine their demographics, pre-service and in-service training, access to treatment protocols and exposure to supervision in the preceding 6 months. Verbal informed consent was obtained from all health workers prior to the commencement of study procedures.
Indicators and definitions
The key study indicators referred to the availability of malaria case-management commodities, health workers coverage with ACT related interventions and the malaria case-management practices which are deemed critical to the success of the AS+SP based case-management policy. The primary indicators at health facility level referred to the proportions of facilities with ACTs, other antimalarials, job aids and malaria diagnostic services on the survey day. At the health worker level the primary indicators were the proportions of health workers who received training on malaria case-management, who had access to national treatment protocols and who were exposed to supervisory visits including malaria case-management in past 6 months.
At the patient level primary indicators referred to febrile patients for whom malaria testing was merited and AS+SP treatment should have been considered in relation to the result of malaria test. With respect to testing indications, we included all patients with fever because national malaria guidelines are ambiguous and do not specify criteria defining other obvious causes of fever (Figure 1 ). Therefore our analysis included febrile, non-pregnant patients aged 2 months and older, weighing 5 kg and above and presenting for an initial outpatient visit without being referred or admitted for hospitalization. Fever was defined as axillary temperature of ≥ 37.5°C or the history of fever during the present illness. A health workers decision to refer or admit patient for hospitalization was used as proxy measure to define severity of disease and exclude patients with suspected severe disease meriting treatment with other drugs than AS+SP. The primary outcome was a composite case-management indicator and included performance of all of the following three tasks: 1) patient was tested for malaria; 2) if positive test result patient was treated with AS+SP, and 3) if negative test result patient was not treated for malaria. Despite some ambiguity of the guidelines with respect to the treatment of patients with test negative results (Figure 1 ), the absence of antimalarial treatment for these patients was included in the definition of the composite case-management indicator because treatment of test negative patients was considered as one of the major determinants undermining the new casemanagement policy. The secondary outcomes reflected individual components of the case-management including testing, treatment, dispensing and counseling practices in various patients' subgroups.
Data management and analysis
Data were double entered by independent data entry clerks using Access 2007 (Microsoft Inc., Redmond, WA, USA). Data files were compared for errors using a verification programme and referring to original questionnaires. The analysis was performed using STATA, version 11 (StataCorp, College Station, TX, USA). Descriptive analysis was undertaken at the health facility, health worker, and patient level across all age groups and stratified for children below 5 years of age and patients 5 years and older. The presentation of the results reflected the main objective of the study, i.e. to provide national level data for which the study was sufficiently powered to obtain information with desired precision. A stepwise approach was applied in the analysis of malaria case-management practices. First, to evaluate progress of 2007-2012 national malaria strategy health workers practices are analyzed at all health facilities regardless of the availability of the casemanagement commodities. Second, to evaluate health workers adherence to the new policy the same analysis was restricted to the facilities where AS + SP and malaria diagnostics were available on the survey days. Finally, the quality of AS + SP dispensing and counseling practices was restricted to patients who had AS + SP prescribed and dispensed at facility. The precision of proportions (95% confidence interval [CI]) was determined adjusting for the cluster sampling at health facility level. Cluster adjusted chi-square test was used to compare proportions between patients below and above 5 years of age.
Ethical approval
Ethical clearance for the study was obtained from the National Research Ethics Committee of the Federal Ministry of Health in Sudan (reference number 114-11-09).
Results
Sample description
The survey was undertaken at 244 health facilities (Figure 2) where 294 health workers performed 4,140 outpatient consultations on the survey days. All 244 facilities were assessed and all 294 health workers were interviewed. Of the 4,140 screened patients, the casemanagement practices were evaluated for 1,707 nonpregnant febrile patients weighing 5 kg and above and presenting for an initial outpatient visit. The remaining 2,433 patients (some patients may have had more than one exclusion criteria) were patients either referred (197) or admitted for hospitalization (61), pregnant women (362), follow up visits (420), aged less than 2 months (50), weighing less than 5 kg (41) and patients presenting without fever (1,365). Further 64 patients had incomplete data preventing analysis of the case-management practices. Therefore our analysis included 1,643 patients of which 425 (25.9%) were below 5 years of age and 1,218 (74.1%) were 5 years and older. At facilities with available AS+SP and malaria diagnostics on the survey day health workers' adherence was evaluated for 961 patients, of which 252 (26.2%) patients were below 5 years of age and 709 (73.8%) were 5 years and older. No health worker, adult patient or caretaker on behalf of sick child refused to participate in the study. Health facility and health worker readiness to implement ACT policy Of the 244 health facilities assessed, most were basic health units (63.9%) followed by health centres (29.1%) ( Table 1) . The large majority (88.9%) of facilities were government owned. Nearly half (49%) had electricity, while water from any source was available at 72.1% of facilities on the survey day. A functional weighing scale was present at 58% of facilities while about half had functional thermometer (48.8%) and displayed new treatment protocol either in the format of wall or table charts (51.2%). Malaria parasitological diagnosis was provided at 125 (51.2%) facilities on the survey day, more commonly through malaria microscopy (42.2%) than non-expired RDTs (16.0%). Seventeen health facilities had both diagnostic capacities. Parasitological capacity to diagnose malaria was available in all hospitals (17/17), 79% (56/71) of health centres and 33% (52/156) of basic health units. Of interest, 12% of basic health units, 23% of health centres and 24% of hospitals had non-expired RDTs in stock. Only 13 (5%) facilities stocked expired RDTs.
Any non-expired blister packs of AS+SP tablets (50 or 100 mg) were in stock at 73.4% of facilities (Table 1) . Conversely, expired blisters of AS+SP were found at only seven (2.9%) facilities. Non-recommended chloroquine was available at 11 (4.5%) facilities. At 88 health centres and hospitals injectable formulations of quinine and artemether were respectively available at 54.5% and 77.3% of facilities. Finally, at the same facilities at least one of the four AL weight-specific packs was in stock at only 24.6% of facilities.
Of 294 health workers who performed consultations on the survey day (Table 2) , most were male (82.7%) and the most common cadres were medical assistants (43.9%), followed by doctors (26.9%) and nurses (12.6%). Doctors were the most common outpatient health workers at hospitals (67%) and health centres (52%) and the least common cadre at basic health units (6%). Over half of the health workers (52.7%) were trained on ACT use, most commonly through the NMCP in-service training programme (127/ 155; 81.9%). Besides the formal in-service training, brief orientation on ACT policy was provided for 42.2% of health workers. Only 23.5% of outpatient health workers were trained on RDT use. Less than half (39.7%) of health workers had access to either personal or a facility copy of national malaria treatment protocol. Finally 35.7% of outpatient health workers had received a supervisory visit in 6 months prior to the survey, and only 19.4% received a visit that included any activity on malaria case-management (Table 2) .
Malaria diagnostic and treatment practices
Of 1,643 suspected malaria patients, 52.6% were female and the mean age of the patients was 19 years. Only 39.9% of the patients reported to the facility within two days of the febrile illness, more commonly children below 5 years (45.4%) than patients 5 years and older (38.0%). Of greater concern was that 10.1% of children and 18.4% of patients 5 years and older reported to the facility seven or more days after the beginning of the illness. Only 4.0% of patients had taken any antimalarial drug prior to the facility visit and only 19 (1.2%) patients had taken AS+SP. Axillary temperature ≥ 37.5°C was in 28.7% of patients, more commonly among children below 5 years of age (38.4%) than in patients 5 years and older (25.4%). Health workers commonly determined age of the patients (70.1%) while weight (8.9%) and temperature (3.0%) were rarely measured.
Overall, at all 244 study facilities 34.5% of febrile patients (35.3% of children vs 34.2% of patients 5 years and older; p = 0.723) were managed according to the Table 3 ). Compared to the practices observed at all 244 health facilities, some of the indicators significantly improved at 107 (43.9%) facilities where malaria diagnostic services (microscopy or RDTs) and AS+SP were available on the survey day. The composite case-management performance increased from 34.5% to 50.5% while testing rates (Tables 3 and 4) .
Quality of ACT dispensing and counseling
The performance of five dispensing and counseling tasks was evaluated for 347 patients who had AS+SP prescribed and dispensed at health facilities ( Table 5 ). The majority of the patients were explained how to take AS+SP drugs at home (86.5%) and advised to complete all AS+SP doses (60.7%), however only 2.9% of patients had the first dose administered at the health facility, 6.1% were weighed and the advice on what patients should do in case of vomiting was rarely provided (6.4%). Children below 5 years of age were more commonly weighed than patients 5 years and older (13.9% vs 4.0%; p = 0.006) and advice on vomiting was more commonly provided for children than patients 5 years and older (12.5% vs 4.8%; p = 0.009) ( Table 5 ).
Discussion
Our facility-based evaluation of the malaria case-management under the ACT policy in the 15 states of Sudan provides a number of observations relevant for future implementation activities under the 2007-2012 National Malaria Strategy.
Health systems support to implement ACT based malaria case-management
The critical pre-requisite for effective implementation of any treatment policy is universal availability of recommended, non-expired medicines as well as discontinued provision of obsolete therapies. The findings of this study revealed that chloroquine monotherapy had largely been successfully phased out from Sudanese facilities (absent at 95% of facilities), the presence of expired ACTs was nearly non-existent (3%) while recommended first-line therapy (AS+SP) was in stock at 73% of facilities and second-line therapy (AL) at only 25% of facilities. The finding that over one-quarter (26%) of facilities stocked no ACTs on the survey days is worrisome especially in comparison with prior studies in Sudan reporting nearly universal availability of recommended first-line antimalarials under the chloroquine policy [26, 27] . However, the magnitude of ACT stock-outs found in this study is not unique to Sudan -nearly equal results were recently reported from Kenya where 25% of public facilities had ACT stock-outs [3] and similar findings were reported from Uganda [18] . Future studies evaluating qualitative and quantitative characteristics of ACT supply chain are required in Sudan to better understand causes of ACT stock outs.
The second pre-requisite important for effective implementation of malaria case-management includes the capacity at health facilities to undertake malaria testing. Our survey revealed that currently about half (51%) of the public facilities in Sudan provide malaria diagnostic services, largely based on microscopy. While the relatively low availability of malaria diagnostics is understandable at basic health units (33%) where only limited diagnostic capacities have been deployed in the past it should be however noted that parasitological diagnosis was absent at 21% of health centres -the level of care traditionally providing laboratory support in Sudan. To rapidly increase the coverage of health facilities with malaria diagnostic services a focus on large scale procurement and supply of RDTs accompanied with the quality assurance activities to those facilities where malaria microscopy service is currently not available will fill an important gap. Simultaneously, at facilities with existent microcopy the strengthening of the quality of this service is the utmost priority. The quality assurance activities supporting both, RDTs and malaria microscopy, will be critical determinants to ensure routine accuracy of RDTs and overcome deficiencies in the quality of malaria microscopic services that have been previously reported in Sudan [28, 29] as well as in the region [30, 31] Finally the provision of ACTs and diagnostics requires a package of health systems support activities for health workers which are necessary to implement, reinforce and maintain effective malaria case-management practices. Our findings revealed gaps in the coverage of health workers with malaria related health systems support activities; 47% of outpatient health workers had not attended ACT based case-management training, 76% had not been trained in the use of RDTs, 60% had no access to treatment protocols, 64% had not received any supervisory visit and importantly only 19% received a visit that included any activity related to malaria case-management. An opportunity to rapidly increase health workers exposure to these activities lies in the large scale RDT implementation which should be accompanied with broader and comprehensive malaria case-management in-service training, dissemination of job aids, post-training follow up and structured supervisory visits and performance monitoring.
Malaria case-management practices
We have defined correct management of febrile patients from malaria perspective considering performance of the three minimum criteria determining success of ACT based policy based on confirmatory diagnosis [20] . These included 1) malaria testing, 2) treatment of test positive results with recommended AS+SP and 3) withdrawal of antimalarial treatment for test negative patients. Our findings revealed that at all study facilities 35% of febrile patients are currently managed according to the composite indicator, with little difference between age groups. At the same facilities 46% of febrile patients are tested. While analysis based on all study facilities is useful to evaluate overall progress of the case-management practices under the 2007-2012 National Malaria Strategy, it does not consider the absence of ACTs and diagnostics at health facilities -the main determinant precluding case-management practices. Therefore, to evaluate health workers adherence to the new policies practices at 117 (48%) facilities where both, malaria diagnostic services and AS+SP, were available on the survey day were evaluated separately. At these facilities health workers performed all three tasks defining our composite indicator for a significantly higher proportion (51%) of febrile patients compared to analysis based on all facilities. There are three levels of discordance contributing to the non-adherent case-management practices at facilities with available commodities. First, not all febrile patients are tested for malaria, however, 67% of patients parasitologically diagnosed is significantly higher compared to 43% reported in similar studies in Kenya [32] , 40% in Uganda [12] , 31% in Angola [9] 27% in Zambia [5] and 27% in Tanzania [7] . The possible explanation of higher testing rates at facilities with malaria diagnostics in Sudan compared to other countries could be due to the presence of more qualified outpatient staff such as medical doctors and long term establishment of malaria microscopy in the country traditionally promoting, wherever possible, malaria testing across all age groups and malaria endemicities. The future priority for policy implementers in Sudan should be improvement in testing rates across all facilities.
The second level of discordance refers to patients with positive test result where only 64% of patients at facilities with AS+SP in stock, are treated with recommended first line therapy for uncomplicated malaria. At these facilities an important observation was the relatively wide-spread use of injectable artemether monotherapy, a practice not promoted globally on the grounds that it might promote the development of resistance to artemisinine derivatives [33] . In this category of patients, we also observed tendency towards higher use of oral AS+SP in children while use of injectable artemether was more common for older children and adults, the finding reflecting previous report from Khartoum where irrational injectable therapy under the chloroquine policy was common and indeed prevailing in adults [26] . Injectable antimalarials have a long history in Sudan [26, 34] and may be due to a combination of factors including the lack of appropriate training of health workers, lack of public education and patients' demands and beliefs. Future educational and supervisory interventions targeting health workers, as well as those targeting the broader public, should urgently address the problem of inappropriate use of injectable artemether. The third and the lowest level of discordance was the observation made amongst those patients with a negative test result who were still treated with an antimalarial (17%). While this remains imperfect, this level of inappropriate prescription is substantially lower than reported under larger scale evaluations in other national settings [5, 7, 10, 11, 13, 35] . Interestingly, this relatively low level of disregard of negative test results existed despite the ambiguity of national guidelines allowing possibility of antimalarial treatment for test negative patients (Figure 1 ). International recommendations have recently changed to recommend treatment of only test positive patients and Sudanese guidelines should be also amended along these lines to facilitate elimination of these irrational practices (WHO 2010).
Finally, adequate ACT dispensing and counseling practices deserve attention as these tasks underpin good clinical practice necessary to ensure high rates of patients' adherence and treatment success [36] [37] [38] . In our study we found that the majority of patients were explained the dosing schedule (87%) and advised to complete the dose (61%), however, the practices of administering the first dose of AS+SP at the facility, weighing patients and providing advice to patients what to do in case of vomiting was rarely performed (3-6%). Suboptimal dispensing and counseling practices found in our study concur with the findings reported previously in Sudan [27, 39] , as well as from several studies across Africa [15, 19] . The reasons for these suboptimal practices are not clear and demand further qualitative research including the potential effects of lack of potable water on administering drugs at facilities and the effects of AS+SP blister packages on the provision of replacement dose in case of vomiting.
Study limitations
Several study limitations should be mentioned. First, the presence of study teams may have introduced the Hawthorn effect resulting in better performance of health workers on survey days than usual [40, 41] . To minimize this possibility we restrained from more "invasive" study procedures such as observation of consultations and limit patient level data collection only to patient's exit interviews. Second, the evaluation was undertaken from malaria case-management perspective and did not include data collection methods such as clinical reexaminations and direct observations to evaluate clinical assessment practices for non-malaria febrile patients which would provide an additional light to some of the practices. Finally, the appropriate drug dosage component of antimalarial treatments was not analyzed due to high rates of incomplete dosage prescriptions.
Conclusions
Five years following the shift of the Sudanese treatment policy to ACTs and three years before the end of the 2007-2012 Malaria Strategic Plan the chloroquine monotherapy was successfully phased out from public health facilities, however, the availability of recommended firstline (AS+SP) and second-line (AL) therapies was suboptimal. Malaria diagnostic capacities were present at half of the facilities largely dependent on the availability of malaria microscopy. There is an important gap in the health workers and health facility coverage with the in-service training, job aids and in particular with malaria related supervisory activities. With respect to case-management practices less than half of febrile patients are currently tested, however at facilities with available diagnostics the testing rates were reasonably high with two-thirds of the patients tested for malaria. The prevailing treatment practice for test positive patients is in line with national protocols recommending AS+SP, however worryingly one-quarter of the patients is treated with injectable artemether monotherapy. The relatively low prescription rates of antimalarial treatments for test negative patients compared to other countries are encouraging. Yet ACT dispensing and counseling practices were largely suboptimal. Overall, at all health facilities 35% of febrile patients were tested and treated according to test result while at facilities with available commodities 51% of febrile patients met the same criteria. Future qualitative research is required to better understand deficiencies of the supply chain and clinical practices and the forthcoming large scale implementation of RDTs, using the findings of this survey and pending qualitative research, should present an opportunity not only to expand coverage of testing capacities to the facilities where malaria diagnostics are currently not available, but also to implement effective support package of the interventions to bridge the health systems gaps and do further corrective measures to mainstream the recommended case-management. However, the adequate availability of ACTs and diagnostics at the point of care will ultimately determine the success of case-management policies in Sudan.
